Recent works indicate that polypropylene (PP) and ethylene-vinylacetate (EVA) filled by nanosilicates may present low content of space charge and high electric strength. It has been proved that the dispersion of an inorganic phase in the polymeric matrix may improve voltage endurance, dielectric strength, thermal stability and mechanical properties in relation to particle size and arrangement on nanometric scale. Two polymeric materials, widely employed as electrical insulation for apparatus involved in energy transport, that is, ethylene vinylacetate (EVA) and isotactic polypropylene (PP) are examined. The nanofiller consists of an organophilic layered silicate (MEE), the purified MEE will be named MEE-w.
The charging-discharging current measurements, through Fourier time to frequency data transformation, gave information about the slowest polarisation processes, that are usually hidden by the conduction current contribution. Space charge measurement data are also considered in order to understand the effect of nanostructuration and purification on charge carriers.
While the relaxation process of EVA, α process, associated with glass transition of the material amorphous phase, results unchanged from base to nanostructured material (i.e., the nanofiller particles do not affect the chain mobility of the polymer), nanocomposites EVA and PP have shown the rise of a new process at higher temperatures respect to the typical host material processes, as well as a different distribution of relaxation processes. In Fig. 1 , that displays the imaginary permittivity of EVA+MEE-w nanocomposite, the loss peaks, due to the α and α' process, can be clearly seen. The α' process can be ascribed to the interaction between the polymer matrix and MEE nanolayers.
The temperature location of the process, which approaches the melting region of EVA, and its absence in the pure polymer let us argue that the α' relaxation process can be ascribed to a charge polarization of the Maxwell-Wagner-Sillars type, which is due likely to charge trapping at the interfaces between the nanofiller particles and the polymer. All the presented relaxation processes are thermally-activated and their activation energies, reported in Table 1 , were estimated reporting the loss peak frequency and temperature of the isothermal measurements in the Arrhenius plot.
The EVA nanocomposite obtained by an unpurified filler has shown a huge increment of real and imaginary permittivity for lower frequencies (under 10 -2 Hz) with respect to the purified specimen. Such data confirms the interfacial nature of the α' polarization process, that has been associated with ionic chemical impurities, i.e. sodium chloride and alkyl-ammonium chloride. The introduction of layered silicates in the EVA matrix changes also the space charge behaviour, contrasting on one side the effect of VA groups through space charge injection inhibition, but on the other side promoting very large space charge accumulation if the leaching process is not effective. The latter aspect comes out clearly observing how the nanocomposite material is characterized by interfacial polarization. Dielectric spectroscopy, in time and frequency domain, thus confirms to be a complementary tool, besides space charge measurements, to evaluate the quality of a nanocomposite by bulk property measurements. 
Non-member
Recent works indicate that polypropylene (PP) and ethylene-vinylacetate (EVA) filled by nanosilicates may present low content of space charge and high electric strength. Investigations are being made to explain nanocomposite behaviour and characterize their electrical, thermal and mechanical properties. In this paper, the results of broad-band dielectric spectroscopy performed on EVA and PP filled by layered nanosized silicates are reported. Isochronal and isothermal curves of complex permittivity, as well as activation energies of the relaxation processes, are presented and discussed. Nanostructuration gives rise to substantial changes in the polarisation and dielectric loss behaviour. While the relaxation process of EVA, associated with glass transition of the material amorphous phase, results unchanged from base to nanostructured material, nanocomposites EVA and PP have shown the rise of a new process at higher temperatures respect to the typical host material processes, as well as a different distribution of relaxation processes. Changes in space charge accumulation in relation to the effectiveness of the purification process performed upon nanostructured materials are also reported: while the dispersion of the clean clays leads to a reduction of the space charge, especially at high fields, an unclean filler gives rise to significant homo-charge accumulation and interfacial polarisation phenomena.
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Introduction
It is shown by recent literature contributions that nanocomposites contribute to improve significantly electrical insulation characteristics (1) - (3) . Their behavior has been investigated through various techniques, such as Transmission Electron Microscopy, TEM, Wide-Angle X-Ray Spectroscopy, WAXS, mechanical strength, conduction current, space charge, partial discharges and voltage breakdown tests (4) - (11) . It has been proved that the dispersion of an inorganic phase in the polymeric matrix may improve voltage endurance (9) - (12) , dielectric strength (4) , (12)- (14) , thermal stability (2)(5) (15) and mechanical properties (1) (16) in relation to particle size and arrangement on nanometric scale. Contrasting information can be found in literature regarding to polarization behavior. In (17) - (20) a reduction of dielectric permittivity is shown, which is ascribed to a reduction of polymer chain mobility (3) . On the opposite, a permittivity increment is detected in (21) - (24) . On the other hand, when exfoliated nano-layered silicates (~1 nm thick) are dispersed in the polymeric matrix, with very high aspect ratio of 100-500, new interfacial volumes are created, thus additional polarization phenomena might be expected. It has been also emphasized (1)(8) (24) that chemical purification, when nanofillers are treated to become organophilic, is essential in order to avoid accumulation of space charge that can lead to accelerated breakdown under DC electric field. Therefore a deep investigation on polarization of nanocomposites is needed in order to obtain an insight on modification of molecular structure and link it with electrical properties variation, with the aim of optimizing technological processes for the realization of nanocomposite with improved insulating properties. Dielectric spectroscopy in time and frequency domain constitutes a useful tool for electrical insulation evaluation and diagnosis, and it can contribute to the understanding of electrical behavior of complex solid polymer systems (25) (26) . In this paper, the results of dielectric spectroscopy analysis in time and frequency domain, for purified and unpurified filler nanocomposites, in a wide temperature range, are presented. Space charge measurement data are also considered in order to understand the effect of nanostructuration and purification on charge carriers. Two polymeric materials, widely employed as electrical insulation for apparatus involved in energy transport, that is, ethylene vinylacetate (EVA) and isotactic polypropylene (PP) are examined. The nanofiller consists of an organophilic layered silicate. Informations about dipolar polarization (e.g. in the range 10 2 to 10 4 Hz) and lower frequency polarization mechanisms, such as the Maxwell-Wagner one, are obtained through frequency and time domain dielectric permittivity and loss measurements.
Experimentals

Material Preparation
The basis materials used for this investigation were poly (ethylene-covinylacetate) (EVA), Paper containing 12 % wt of vinyl acetate, and polypropylene (PP). EVA can be considered as a polyethylene with a small amount of acetoxy groups incorporated in it. The incorporation of acetoxy groups on the surface of PE is claimed to enhance carrier injection, especially positive ones (27) . Being polar, the acetoxy groups allow the dispersion of the nanofiller without a compatibilization treatment of polymeric matrix and the detection of possible modification of PE chain mobility through dielectric spectroscopy technique when silicate layers are dispersed in the matrix. On the contrary, PP required the addition of compatibilizers (20% in weight), consisting of PP with 3.5% in weight of maleic anhydride grafted to the backbone of the PP chain.
A commercial nanofiller was used, that is synthetic fluorohectorite (Somasif), organically modified by means of exchange of interlayer sodium cations for protonated octadecylamine (ODA), NH 3 + . Protonated ODA is able to render organophilic the silicate. It was shown in literature that efficient polymer nanocomposites can be obtained when layered clays, e.g. montmorillonite, fluorohectorite (4)(5)(8) , can be intercalated or exfoliated in the polymeric matrix. The choice of synthetic fluorohectorite in place of natural silicates, e.g. montmorillonite, has the disadvantage of the cost, but the significant advantage, in the basic research and characterization here described, to use an extra clean filler, thus its effects on insulation properties can be more easily investigated.
Organically modified Somasif (MEE) was subjected to a further chemical purification procedure (leaching), in order to remove by-products of the compatibilization process. These by-products are mainly sodium chloride and alkyl-ammonium chloride. The purification process consists of introducing nanoclay powders into a spin-dryer and washing with a deionized water flow for 30 min at room temperature. In this paper, the purified MEE will be named MEE-w. All the specimens, before performing measurements, were thermally treated in oven at 70 °C for 72 h and then dried under vacuum. Electrical properties were measured on flat specimens, 150-200 µm thick, constituted by polymer and 6 wt% nanoclays, obtained through extrusion in a corotation twin-screw extruder at 120 °C for EVA and 210 °C for PP. TEM and WAXS observations (4) (5) indicate that most of the specimen volume of EVA and PP based nanocomposites was filled by exfoliated nanoparticles, while polymer chains did not succeed to penetrate silicate layers in the unmodified Somasif (thus creating, as a matter of fact, clusters of nanograins of micrometric size) (8) (24) .
Testing Procedures
Various spectrometric techniques were employed to investigate the polarization behavior of the specimens over various frequency/temperature ranges. Frequency-domain dielectric measurements were performed in the range between 10 2 Hz and 10 6 Hz during a heating run from -60 °C to 120 °C, with a constant temperature variation of 1 K per minute. A three-terminal (electrodes and guard) test cell and a Hewlett-Packard 4284A precision LCR-meter were employed. The reproducibility of the data was checked by measuring at least three specimens. Such kind of measurements allows the relaxation processes taking place at lower temperatures (-20 to 20 °C) over the 10 2 -10 6 Hz frequency range to be appreciated. Charging-discharging current measurements were carried out at 20 °C, under dc field of 5 kV/mm at room temperature. The measurements were prolonged for 24 hours. A three-terminal cell with gold sputtered electrodes was used. The transformation of time to frequency data from the discharging current was achieved through the Fourier algorithm (24) (26) . This procedure allows information about the slowest polarisation processes be achieved, that are usually hidden by the conduction current contribution.
In order to check the compatibility between the results of the two kinds of permittivity and dielectric loss measurements, as well as to better investigate the relaxation processes induced by the nanofillers, dielectric spectroscopy measurements were also performed by a Novocontrol Alpha high resolution dielectric analyser, scanning frequency between 10 -2 and 10 6 and temperatures from 20 °C to 90 °C. Finally, space charge measurements were carried out by the pulsed electroacoustic (PEA) technique in specimens with cold-sputtered gold electrodes. Polarization and depolarization times were 10000 and 2000 s, respectively. Measurements were performed at various dc electric field levels and temperatures, with the purpose of correlating relaxation processes to space charge behaviour.
Results and Discussion
Dielectric Spectroscopy
A typical result obtained from ac dielectric measurements on base EVA is plotted in Fig. 1 . The imaginary part of complex relative permittivity ε'' is reported as isochronal curves for various frequencies in the temperature range -60 to 120 °C.
The α relaxation process of the EVA copolymer, which can be ascribed to dipolar polarization and is associated with the glass transition (28) , can be clearly seen with peaks ranging between -20 and +20 °C. The peak amplitudes doubles going from 100 Hz to 1 MHz. Figures 2 and 3 display the imaginary permittivity of EVA+MEE and EVA+MEE-w.
It is noteworthy that the α polarization process does not change from pure EVA to nanofilled EVA (temperature and amplitude are the same), thus underlining that this process, typical of the host material, results unchanged after nanostructuration (i.e. the nanofiller particles do not affect the chain mobility of the polymer).
However a new relaxation process, α' process, appears in the nanostructured material. For frequencies between 10 2 -10 3 Hz, indeed, ε'' peaks range from 60 to 90 °C in the not purified Somasif specimens and from 70 to 90 °C in the purified ones. Moreover, for the former the peak amplitude is much larger. Previous investigations (6) showed that a 6%wt EVA-Somasif microcomposite (obtained with a not compatibilised clay) does not Fig. 1 . Imaginary permittivity of EVA present the α' process in the considered frequency range. Therefore this process can be ascribed to the interaction between the polymer matrix and Somasif nanolayers. Such observations, together with the temperature location of the process, which approaches the melting region of EVA, and its absence in the pure polymer let us argue that the α' relaxation can be ascribed to a charge polarization of the Maxwell-Wagner-Sillars type, which is due likely to charge trapping at the interfaces between the nanofiller particles and the polymer. The larger peak amplitude observed in the unpurified specimen can be explained by the increased ionic and electronic charge content (the latter especially at higher fields). If this is true, we should expect the presence of much larger amount of space charge in unpurified than in purified specimens (see, indeed, Fig. 10 reported later) .
Since PP is nearly non-polar, it exhibits a very weak dielectric relaxation associated with the glass transition (29) , while ε'' peaks were not detected, likely because their amplitudes are smaller than the sensibility of the test set. A deeper investigation of the nature of these processes could be achieved through high-resolution dielectric measurements at constant temperature. Isothermal curves of the imaginary permittivity of EVA+MEE and EVA+MEE-w specimens are plotted in Figs. 4 and 5 .
The presence of an α' process, with broad peaks going from 10 -1
Hz at 30 °C to 10 3 at 90 °C, can be seen from Figs. 4 and 5. The considerable reduction of the α' peaks amplitude after leaching affects more the left shoulder of the peaks, which could be interpreted through a reduction of slow charge carriers (i.e. ionic impurities). These changes in polarization behavior indicate, therefore, that the purification process causes a reduction of ionic species and, thus, of charge carriers at low electric field, as confirmed later by space charge measurements. The isothermal curves of the imaginary permittivity of PP and nanocomposite PP specimen are reported in Figs. 6 and 7. No relaxation peaks were detected in the investigated temperature-frequency range for the base PP specimens. An α' relaxation process, not present in the base maleic-anhydride grafted PP and not related to the typical host material processes (it has a peak at about 8 Hz and 20 °C (29) ), is highlighted in Fig 7, with frequency-temperature ranges similar to those of the EVA+MEE-w specimens.
The activation energy of the investigated polarization processes can be estimated reporting the loss peak frequency and temperature of the isothermal measurements in the Arrhenius plot, see, e.g., Fig. 8 .
All the presented relaxation processes are thermally-activated and fit, in the tested frequency range, to the Arrhenius plot. The α' processes of the EVA+MEE-w and EVA+MEE have a different slope with respect to α, giving rise to the values of activation energies, reported in Table 1 . The activation energy of α' for EVA+MEE-w is, indeed, 1.2 eV, while that for α is 1.6 eV. It is noteworthy from Table 1 and the above figures that while the α process does not change passing from EVA to EVA+MEE and EVA+MEE-w, the α' one is affected by the purification treatment (as temperature location and magnitude), which supports a significant effect of the chemical species coming from the compatibilization treatment on the α' relaxation process. The relaxation process of nanocomposite PP shows a higher value of activation energy with respect to EVA (i.e. 1.7 eV) and has a frequency range similar to that of nanocomposite EVA, but for higher temperatures.
The real and imaginary parts of complex permittivity obtained from the Fourier decomposition of the discharging current of EVA+MEE and EVA+MEE-w are plotted against frequency in Figs. 9 and 10 (low frequencies curves), together with the data obtained through ac measurements (high frequencies curves).
As can be seen, EVA+MEE shows a huge increment of real and imaginary permittivity for lower frequencies (under 10 -2 Hz) with respect to the purified specimen. Such data confirms the interfacial nature of the α' polarization process, that has been associated with ionic chemical impurities, i.e. sodium chloride and alkyl-ammonium chloride. The described purification treatment is then able to remove impurities that are likely a cause of increasing space charge accumulation.
Space Charge Measurements
Space charge measurements were performed at Laplacian (geometric) field values of 10, 20 and 60 kV/mm. Examples of patterns of space charge accumulation for base EVA, EVA+MEE and EVA+MEE-w under a geometric 60 kV/mm poling field are reported in Fig. 11 . Pure EVA specimens exhibit positive charge accumulation up to values of 2.5 C/m³, that, as can be seen by the 3D pattern, is mostly injected from the anode. The EVA+MEE specimen presents a significant homo-charge accumulation (peaks of 5 C/m³), with large amount of bulk positive and negative charge. Charge carriers are largely present also at lower fields (i.e. E<60 kV/mm, down to 5 kV/mm). At medium-high fields they can cause huge local field enhancement in the specimens (see e.g. Fig. 11 ), which can be considered one of most prejudicing effects of the introduction of an unpurified filler. Indeed, applying a constant geometrical electric field of 20 kV/mm the life time of unpurified specimens drops down to a few tens of hours (with respect to an expected life time of many years). The EVA+MEE-w specimen presents lower space charge accumulation (average charge ~ 0.5 C/m³) with respect to EVA. This effect let us to suppose that, being the filler chemically bonded with the polymeric matrix through the acetoxy groups, the positive charge injection is inhibited. Moreover, the purified specimens do not show high homocharge accumulation confirming, beside spectrometric data, that the by-products of compatibilization treatment are efficiently eliminated by the carried purification process.
Conclusions
Nanofillers, treated to be organophilic, introduce in EVA and PP host materials peculiar polar interactions, as it can be inferred from the birth and arise of the α' relaxation process in both EVA and PP based nanocomposites. This process, that has been characterized through loss peaks analysis (temperature location of the process and activation energy values), can be ascribed to a charge polarization of the Maxwell-Wagner-Sillars type, which is due likely to charge trapping at the interfaces between the nanofiller particles and the polymer. The introduction of layered silicates in the EVA matrix changes also the space charge behavior, contrasting on one side the effect of VA groups through space charge injection inhibition, but on the other side promoting very large space charge accumulation and dielectric losses if the leaching process is not effective. The latter aspect comes out clearly observing how the nanocomposite material is characterized by interfacial polarization.
Dielectric spectroscopy, in time and frequency domain, thus confirms to be a complementary tool, besides space charge measurements, to evaluate the quality of a nanocomposite by bulk property measurements.
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